We present an extensive investigation of physico-chemical parameters of water samples of Julana and Safidon blocks of District Jind, Haryana, India. Water samples were collected from different localities in cleaned polythene bottles and were analyzed for the different physico-chemical parameters like pH, electrical conductivity, total dissolved solids (TDS), total hardness (TH), calcium, magnesium, total alkalinity (TA), carbonate, bicarbonate, sodium, potassium, chloride, sulphate and fluoride. The analyzed parameters were compared with the standard desirable limits prescribed by World Health Organization (WHO), Bureau of Indian Standard (BIS) and Indian Council of Medical Research (ICMR) standards of drinking water quality parameters. For the identification of the highly correlated and interrelated water quality parameters, the correlation coefficients were calculated between different parameters and the t-test was applied for checking significance. The results showed significant variations in water quality parameters in the study areas.
Introduction
Water quality is an important factor in determining the human welfare. Water quality means the description of the chemical, physical and biological characteristics of water. Water is essential to life and for the harmonious development of our bodies, as it is involved in a number of biological processes. Water is used for drinking, irrigation, sanitation and many other human needs. It affects our lifestyle and economic well-being. More than three quarters of the earth's surface is made up of water and only 2.8 percent of the earth's water is available for human consumption and the rest 97.2 percent is in the oceans. Rapidly increasing population, rising standards of living and exponential growth of industrialization and urbanization have exposed the water resources and has degraded the water quality. The major sources of water pollution are domestic waste and industrial wastes, which are discharged into natural water bodies [1] [2] [3] . Pollutants such as herbicides, pesticides, fertilizers, hazardous polychlorinated biphenyls and synthetic organic chemicals can also make their way into water supply. Polluted ground water is a major cause for the epidemic and chronic diseases in human beings. Many investigations have found a correlation between cardiovascular deaths and water composition [4, 5] . The disorder of teeth and bones is due to consumption of fluoride-rich water [6] . Carbonate and bicarbonate may originate from microbial decomposition of organic matter also. Alkalinity is big problem for industries also, as if alkaline water is used in boilers for steam generation, it may lead to precipitation of sludge, deposition of scales and causes caustic embrittlement [7] . The residential waste is discharged into the pits, ponds due to which the waste migrates down to the water table [8] and moreover there is a possibility of dissolution of rocky materials in the area.
Due to less availability and non-acceptance of surface water, people of Haryana have to depend upon groundwater resources to a large extent. In many areas of the state, ground water is the only source for drinking water. The main sources of drinking water in rural areas are fresh water body such as wells, tube-wells and hand pumps. In urban areas the municipal supply water is available only for short periods and for limited time while in rural areas the supply water is even after 4 -5 days. Therefore, people are compelled to use ground water for drinking and cooking purposes both in rural and urban areas. The groundwater is used for the irrigation purpose as well and the irrigation schemes play a vital role in the economy of any region, state or country [9] . The problem of higher fluoride concentration, high TDS, high cation and anion concentration in groundwater has now become one of the most important toxicological and geo-environment issues in India. Recently, various groups [10] [11] [12] 
Sampling and Physio-Chemical Methods of Analysis
Groundwater samples from thirty six locations of Safidon block and thirty five locations of Julana block in District Jind, Haryana, India, were analyzed for their physiochemical parameters. Water samples were collected from different localities in the cleaned polythene bottles. The bottles were well rinsed before sampling and tightly sealed after collection and labelled in the field. Sampling was carried out without adding any preservative. The sampling locations are given in Table 1 . The physio-chemical analysis of water samples was carried out for various quality parameters such as pH, electrical conductivity (EC), total dissolved solids (TDS), total alkalinity (TA), total [13] . The pH, EC, TDS and salinity of all the water samples were determined using digital portable kit (Electronics India, Panchkula, India). Calcium (Ca 2+ ), Magnesium (Mg 2+ ) and total hardness (TH) were determined by the Ethylene Diamine Tetra Acetic Acid (EDTA) titration method, Chloride (Cl -) by Argentometric titration method. The total alkalinity (TA) was determined using the titration method. Fluoride (F -) was determined using Alizarin spectrophotometer. Tables 4 and 5 , respectively, with the standard limits recommended by the World Health Organization (WHO) [14] and ISI [15] . Considerable deviations are observed in the water quality parameters from the standard limits.
Results and Discussion

pH
The permissible limits for drinking water are 7.0 -8.5. In absence of any alternate source, water with pH 6.5 -9.2 can be used. The pH values of the samples in Safidon block ranges from Safidon 7.2 to 9.3 with average 8.54. The pH values of the samples in Julana block ranges from 7.16 to 8.73 with average 7.84. The ground waters are slightly alkaline in nature.
Electrical Conductivity
EC of the samples from the Safidon block ranges from 1.1 mS to 5.7 mS with a mean of 2.05 mS and those of the samples from Julana block ranges from 1.12 mS to 8.07 mS with a mean of 3.46 mS. 
Total Dissolved Solids
According to WHO, the maximum acceptable concentration of TDS in groundwater for domestic purposes is 500 mg/L and excessive permissible limit is 1500 mg/L. Table 6 .
Total Hardness, Calcium and Magnesium
Total hardness is an important parameter of water for its use in domestic sector. Calcium and magnesium are important parameter for total hardness. The acceptable limits of Ca 2+ and Mg 2+ in water for domestic use are 75 and 200 mg/L respectively. In case of non-availability of alternate source of water, Ca 2+ and Mg 2+ limit can be extended upto 200 and 400 mg/L. In the water samples of Safidon block, the total hardness ranges from 190mg/L to 508 mg/L with a mean value 344.9 mg/L. The Ca 2+ concentration ranges from 24 mg/L to 96 mg/L with a mean value of 54 mg/L. The Mg 2+ value are in between 18.6 mg/L to 241 mg/L with a mean value of 46.3 mg/L. In the groundwater of Julana block, the total hardness of water samples ranges from 274 mg/L to 964 mg/L with a mean of 600.25 mg/L. Ca 2+ concentration in water samples from all the locations was found to vary from 7 mg/L to 109 mg/L. Mg 2+ concentration in water samples from all the locations ranged from 8.1 mg/L to 92.9 mg/L. Classification of drinking water of Julana and Safidon blocks of Jind district on the basis of TH values is given in Table 7.
Total Alkalinity, Carbonate and Bicarbonate
The acceptable limit of total alkalinity in drinking water is 200 mg/L. Beyond this limit, taste of water become unpleasant, whereas in absence of alternate water source, alkalinity upto 600 mg/L is acceptable 
Sodium
Sodium (Na + ) concentration more than 50 mg/L makes the water unsuitable for domestic use and causes severe health problems. The Na + concentration from all location of the Safidon block ranges between 180 mg/L to 520 mg/L with a mean value of 343.3 mg/L. In study locations of Julana block, Na + varied from 50 mg/L to 200 mg/L. The average sodium content was 126.78 mg/L.
Potassium
The potassium (K + ) concentration of the water samples from Safidon block is between 0 mg/L to 6 mg/L with a mean value of 2.45 mg/L. The K + concentration of water samples of Julana block varied from 0.2 to 29 mg/L with an average of 9.87 mg/L.
Chloride
Maximum permissible limit of chloride in portable water is 200 mg/L, which may further be extended upto 1000 mg/L in Indian conditions. The Cl -concentration in the water samples from Safidon block is between 67 mg/L to 376 mg/L with a mean value of 182 mg/L. The Cl -content in the groundwater of Julana block ranged from 31.5 to 379.9 mg/L with a mean of 84.73 mg/L.
Sulphate
Sulphate content more than 200 mg/L is objectionable for domestic purposes. Beyond this limit, content at all locations was lower than maximum permissible prescribed limit. In the groundwater of Julana block 4 2 
SO
 is between 9.2 mg/L to 124.8 mg/L with a mean of 66.28 mg/L.
Fluoride
The permissible limit of fluoride in drinking water is 1.0 mg/L, which can be extended to 1.5 mg/L in case of nonavailability of other water sources. Higher fluoride level in drinking water gives rise to dental decay and physical deformation. The dreaded disease "fluorosis" is a result of intake of high fluoride laden in drinking water. In the groundwater of Safidon block, fluoride content ranged from 0.11 to 2.93 mg/L. It has been observed that ground water of 9 samples contained higher fluoride concentration than prescribed limits. The average F -content was 1.37 mg/L. In the groundwater of Julana block, fluoride content ranged from 0.47 to 2.72 mg/L. It has been observed that ground water contained higher fluoride concentration than prescribed limits. The average F -content was 1.45 mg/L.
Statistical Analysis
Study of correlation reduces the range of uncertainty associated with decision making. The correlation coefficient "r" was calculated using the equation 2 2
The correlation matrix for the water quality parameters of Safidon block are given in Table 8 and that for the Julana block are given in Table 9 . The groundwater samples of Safidon block are alkaline in pH. It is significantly but positively correlated with total hardness and fluoride. pH is negatively correlated with electrical conductivity, total alkalinity, total dissolved solids, sodium, potassium, calcium, magnessium, carbonate, bicarbonate, chloride and sulphate. Electrical conductivity is significantly but positively correlated with total dissolved solids, total alkalinity, total hardness, sodium, calcium, bicarbonate, chloride, sulphate and fluoride. It is negatively correlated with pH, potassium, magnessium and carbonate. Total dissolved solids is positively correlated with electrical conductivity, total alkalinity, total hardness, sodium, calcium, bicarbonate, chloride, sulphate and fluoride. It is negatively correlated with pH, potassium, magnessium and carbonate. Total hardness is positively correlated with pH, electrical conductivity, total alkalinity, total dissolved solids, sodium, calcium, carbonate, chloride, sulphate and fluoride. It is negatively correlated with potassium, magnessium, and bicarbonate. Total alkalinity is positively correlated with electrical conductivity, total dissolved solids, total hardness, sodium, calcium, carbonate, chloride, sulphate and fluoride. It is negatively correlated with pH, potassium, magnessium and bicarbonate. All the water samples had chloride content within the acceptable limit. The correlation matrix shows that it is positively correlated with electrical conductivity, total dissolved solids, total alkalinity, total hardness, sodium, potassium, potassium, calcium, magnessium, bicarbonate, sulphate and fluoride. It is negatively correlated with pH and carbonate. Sodium is positively correlated with electrical conductivity, total dissolved solids, total alkalinity, total hardness, potassium, calcium, magnessium, chloride and sulphate. It is negatively correlated with pH, carbonate, bicarbonate and fluoride. Potassium is significantly but positively correlated with sodium, calcium, magnessium, carbonate, chloride and fluoride. It is negatively correlated with pH, electrical conductivity, total dissolved solids, total alkalinity, total hardness, bicarbonate and sulphate. Sulphate is positively correlated with electrical conductivity, total dissolved solids, total alkalinity, total hardness, sodium, bicarbonate, calcium, carbonate, chloride and fluoride. It is negatively correlated with pH, potassium and magnessium. Fluoride is significantly but positively correlated with pH, electrical conductivity, total dissolved solids, total alkalinity, total hardness, potassium, carbonate, bicarbonate, chloride and sulphate. It is negatively correlated with sodium, calcium and magnessium.
The groundwater from different locations of Julana block is slightly alkaline in pH. The correlation matrix shows that pH is positively correlated with electrical conductivity, total dissolved solids, total alkalinity, total hardness, sodium, potassium, chloride, calcium, sulphate and bicarbonate; and negatively correlated with fluoride, magnessium, and carbonate. Electrical conductivity is positively correlated with total dissolved solids, total alkalinity, total hardness, potassium, chloride, bicarbonate and pH. It is negatively correlated with magnessium, sulphate, sodium, carbonate, calcium and fluoride. Total dissolved solids is significantly and positively correlated with total alkalinity, total hardness, potassium, bicarbonate, chloride, pH and electrical conductivity; and negatively correlated with carbonate, sulphate, fluoride, calcium, magnessium and sodium. Total hardness is positively correlated with pH, electrical conductivity, total dissolved solids, total alkalinity, magnessium, calcium, potassium, sodium, sulphate, fluoride, carbonate; and is negatively correlated with chloride and bicarbonate. At 25 locations total alkalinity was higher than maximum prescribed limit, while all other samples fall within the maximum permissible limit. Total alkalinity is positively correlated with pH, electrical conductivity, total dissolved solids, sodium, sulphate, potassium, total hardness, calcium, magnessium, and carbonate; and significantly and negatively correlated with bicarbonate, chloride and fluoride. The bicarbonate content varied from 20.1 to 142.8 mg/L. The mean bicarbonate content was 84.73 mg/L. From the results it can be concluded that alkalinity is mainly due to bicarbonate. The sodium content at all the studied sites was higher than 50 mg/L. The correlation analysis shows that sodium is significantly and positively correlated with pH, total alkalinity, total hardness, potassium, calcium, magnessium, carbonate, chloride, sulphate and fluoride. Sodium is negatively correlated with bicarbonate, electrical conductivity and total dissolved solids. Potassium is significantly and positively correlated with pH, electrical conductivity, total dissolved solids, total alkalinity, total hardness, sodium, calcium, magnesium, carbonate, fluoride, sulphate; and it is significantly and negatively correlated with chloride and bicarbonate. The chloride is positively correlated with pH, electrical conductivity, total dissolved solids, sodium, calcium, bicarbonate and fluoride. It is negatively correlated with total alkalinity, total hardness, potassium, magnessium, carbonate and sulphate. The sulphate content at four locations was higher than the prescribed maximum permissible limit. The statistical analysis shows that sulphate is significantly and positively correlated with pH, total alkalinity, total hardness, sodium, potassium, calcium, magnessium, carbonate and fluoride. It is negatively correlated with electrical conductivity, total dissolved solids, bicarbonate and chloride. The fluoride is significantly and positively correlated with total hardness, sodium, potassium, magnessium, bicarbonate, chloride and sulphate. It is negatively correlated with pH, total alkalinity, electrical conductivity, total dissolved solids, calcium and carbonate.
Conclusion
The investigation on survey and characterization of groundwater samples from two blocks of Jind district, Haryana, India was carried. Seventy one samples were collected from running tube wells and hand pumps. 
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